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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a 
semiconductor laser pumped laser device in which 
operation is continued even when semiconductor lasers 
are failed in a part of a plurality of semiconductor lasers 
comprising an exciting light source. 
SOLUTION: A laser device 1 is provided with a power 
source 2, and semiconductor laser elements LD1-LD4 
are serially connected. Relays R1-R4 are in connected 
parallel to the semiconductor laser elements LD1-LD4. 
It is detected whether a circuit 5 composed of the 
semiconductor laser elements LD1-LD4 and the relays 
R1-R4 is conducted or disconnected, and the detected 
result is outputted as a detecting signal SI. When it is 
detected from the detecting signal S 1 that the circuit 5 is 
disconnected, a controller 6 outputs a relay control 
signal S2 to an opener/closer 4 and successively short- 
circuits the relays R1-R4. When it is detected from the 
detecting signal SI that the circuit 5 is conducted again, 
the relays which are short-circuited at such a time point 
are continuously short-circuited as they are. 
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* NOTICES * 



JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] 

About the semiconductor laser excitation laser apparatus which uses two or more semiconductor lasers 
as the excitation light source, this invention relates to the semiconductor laser excitation laser apparatus 
which can resume operation automatically for a short period of time, even if some semiconductor lasers 
break down especially. 
[0002] 

[Description of the Prior Art] 

The semiconductor laser excitation solid state laser device conventionally provided with the excitation 
light source and solid state laser media which consist of semiconductor lasers (henceforth LD (Laser 
Diode)) is developed. In the excitation light source of this semiconductor laser excitation solid state laser 
device, two or more LD is connected to the power supply in series. And from said power supply, electric 
power is supplied, each LD outputs a laser beam to solid state laser media, and solid state laser media 
are excited by the laser beam irradiated from two or more of such LD, and output a laser beam. Such a 
semiconductor laser excitation solid state laser device is efficient as compared with the conventional 
lamp excitation solid state laser device, and its maintenance nature is good, and it can be miniaturized. 
For this reason, a semiconductor laser excitation solid state laser device is being used for the production 
line of a semiconductor device, etc. as industrial laser. 
[0003] 

[Problem(s) to be Solved by the Invention] 

However, there is a problem as shown below in an above-mentioned Prior art. By degradation 
accompanying a manufacturing cause or use, it may damage and LD currently used for the excitation 
light source of a semiconductor laser excitation solid state laser device (only henceforth a laser device) 
may be in an opened condition, i.e., a break state, electrically. In this case, current is no longer supplied 
not only to damaged LD but to normal LD connected to this LD in series. Thereby, excitation light is no 
longer supplied to solid state laser media, and a laser device suspends the operation. Since the amount of 
excitation light supplied to solid state laser media decreases substantially when two or more excitation 
light sources are provided in the laser device, the continuous use of a laser device becomes difficult. 
When such a laser device is used for production lines, such as a semiconductor device, and this laser 
device stops, the whole production line will stop. As a result, especially, when this production line is a 
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line of 24-hour operation, the sharp fall of productivity will be caused. 
[0004] 

This invention was made in view of this problem, and is ****. Even if some semiconductor lasers break 
down among two or more semiconductor lasers which constitute the purpose, it is providing the 
semiconductor laser excitation laser apparatus which can continue operation. 

[0005] 

[Means for Solving the Problem] 

A semiconductor laser excitation laser apparatus concerning this invention is provided with the 

following. 

Power supply. 

Two or more semiconductor lasers which it is connected to this power supply in series, and electric 
power is supplied from this power supply, and output the 1st laser beam. 

A laser medium which this 1st laser beam enters, is excited by this 1st laser beam, and outputs the 2nd 
laser beam, Two or more relays which it is connected to said power supply in series, and are connected 
to parallel at a group which consists of 1 or said two or more semiconductor lasers, respectively, and are 
wide opened in an initial state, A controller which short-circuits said relay connected in parallel with a 
group which contains this disconnected semiconductor laser when said some of semiconductor lasers are 
disconnected. 

[0006] 

In this invention, when some semiconductor lasers break down and it is in a break state, a controller 
short-circuits a relay connected in parallel with a group containing this disconnected semiconductor 
laser. Electric power is supplied to a semiconductor laser belonging to other groups by this, and the 1st 
laser beam is supplied to a laser medium. As a result, even if some semiconductor lasers disconnect a 
semiconductor laser excitation laser apparatus of this invention, it can resume operation promptly and 
automatically and can continue operation. 
[0007] 

It is what said power supply detects [ through which a circuit which consists of a semiconductor laser of 
said plurality and a relay which are connected to this power supply has flowed / or or ] whether it is 
disconnecting, and outputs this detection result to said controller, It is preferred that it is what continues 
short-circuiting a relay which said controller makes short-circuit said two or more relays one by one 
when said circuit is disconnected, and is short-circuited at this time when said circuit flows again as it is. 
[0008] 

When some semiconductor lasers broke down in a semiconductor laser excitation laser apparatus 
conventionally, in advance of repair, a broken semiconductor laser needed to be specified out of all the 
semiconductor lasers carried in a semiconductor laser excitation laser apparatus. For this reason, repair 
had taken great time. In order to shorten repair time, when it omitted specification of a broken 
semiconductor laser and all the semiconductor lasers including a semiconductor laser which is not out of 
order were exchanged, repair cost increased. However, a group to which a disconnected semiconductor 
laser belongs from a relay short-circuited when said circuit flows again can be specified by constituting 
a power supply and a controller like the above-mentioned. As a result, repair time can be shortened and 
repair cost can be reduced. 
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[0009] 

[Embodiment of the Invention] 

Hereafter, the example of this invention is concretely described with reference to an attached drawing. 
First, the 1st example of this invention is described. Drawing 1 is a block diagram showing the 
semiconductor laser excitation laser apparatus concerning this example. 
[0010] 

As shown in drawing 1 , in the semiconductor laser excitation laser apparatus 1 (only henceforth the laser 
device 1) concerning this example, the power supply 2 is established and the four semiconductor laser 
elements LD1 thru/or LD4 are connected to this power supply 2 in series. The semiconductor laser 
elements LD1 thru/or LD4 are laser diodes. Electric power is supplied from the power supply 2, and the 
semiconductor laser elements LD1 thru/or LD4 output the excitation light 3 which is a laser beam. The 
relays Rl thru/or R4 are connected to the semiconductor laser elements LD1 thru/or LD4 in parallel, 
respectively, and the switch 4 is constituted by the relays Rl thru/or R4. The relays Rl thru/or R4 short- 
circuit the semiconductor laser elements LD1 thru/or LD4 by opening, respectively by supplying current 
to the semiconductor laser elements LD1 thru/or LD4, making, and closing. The circuit 5 is constituted 
by the semiconductor laser elements LD1 thru/or LD4 and the switch 4. The power supply 2 detects 
[ through which this circuit 5 has flowed / or or ] whether it is disconnecting, and outputs this detection 
result as the detection signal SI. 
[0011] 

The controller 6 is connected to the power supply 2 and the switch 4. The detection signal SI is inputted 
from the power supply 2, and the controller 6 outputs the relay control signal S2 to the switch 4. If what 
the circuit 5 disconnected the controller 6 for with the detection signal SI inputted from the power 
supply 2 is detected, the relay control signal S2 will be outputted to the switch 4, and the relays Rl thru/ 
or R4 will be short-circuited one by one. If it detects that the circuit 5 flowed again with the detection 
signal SI after that, and short-circuiting the relay short-circuited at this time is continued as it is. 
[0012] 

The solid state laser media 7 are formed so that the excitation light 3 outputted from the semiconductor 
laser elements LD1 thru/or LD4 may enter. The solid state laser media 7 are excited by the excitation 
light 3, and output the laser beam 8 to the exterior of the laser device 1. 
[0013] 

Next, operation of the laser device 1 concerning this example is explained. In the initial state, the relays 
Rl thru/or R4 of the switch 4 are opened wide altogether. And the power supply 2 supplies a direct 
current to the circuit 5. Since the relays Rl thru/or R4 are wide opened altogether at this time, the 
current outputted from the power supply 2 flows through semiconductor laser element LD4, LD3, LD2, 
and LD1 into this order. Thereby, the semiconductor laser elements LD1 thru/or LD4 output the 
excitation light 3 to the solid state laser media 7. And the solid state laser media 7 are excited by the 
excitation light 3, and output the laser beam 8 to the exterior of the laser device 1. 
[0014] 

The above laser devices 1 set working, and when some semiconductor laser elements break down and it 
is in a break state, the laser device 1 operates as follows. For example, if semiconductor laser element 
LD3 will break down and it will be in an opened condition (break state), current will not flow into the 
circuit 5. It is unknown which semiconductor laser element broke down at this time. If current will not 
flow into the circuit 5, the power supply 2 will detect this and will output to the controller 6 by making 
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this detection result into the detection signal SI. And the controller 6 outputs the relay control signal S2 
to the switch 4, and short-circuits every one relays Rl thru/or R4 one by one from the full open state 
which is an initial state. If the relay R3 short-circuits, current will come to flow into the circuit 5. At this 
time, it becomes clear that the broken semiconductor laser element is LD3. 
[0015] 

If current comes to flow into the circuit 5, the power supply 2 will detect this and will output this 
detection result to the controller 6 with the detection signal SI. The controller 6 holds the relay R3 based 
on the detection signal SI with a short condition. Thereby, current flows into the semiconductor laser 
element Rl, R2, and R4 again, and the excitation light 3 is outputted. 
[0016] 

Although the sum total intensity of the excitation light 3 falls rather than forward [ in which 
semiconductor laser element LD3 breaks down ] at this time and the intensity of the laser beam 8 also 
falls in connection with this, The intensity of the excitation light 3 is maintainable about intensity 
equivalent to the intensity before semiconductor laser element LD3 breaks down by making the electric 
power which the power supply 2 supplies to the semiconductor laser element Rl, R2, and R4 increase. 
Thereby, the solid state laser media 7 can output the laser beam 8 by the same intensity as failure before 
of semiconductor laser element LD3. 
[0017] 

Thus, in the laser device 1 of this example, even if some laser semiconductor devices will break down 
and it will be in a break state, the laser beam 8 can be again outputted automatically after short-time 
shutdown. For this reason, when using the laser device 1 of this example in the production line of a 
semiconductor, it can prevent barring the continuous operation of a production line by failure of a laser 
semiconductor device. 
[0018] 

Since the semiconductor laser element which broke down and was in the opened condition in this 
example is specified and the number and arranging position can be grasped, when performing full repair 
of the laser device 1 later, it becomes possible to stop the number of the semiconductor laser elements 
prepared for the time and the object for exchange which repair takes to the minimum. 
[0019] 

In this example, although the semiconductor laser element showed the example whose number is four, 
this invention may not be limited to this but may be three or less pieces or five pieces or more. A 
mechanical switch may be used for a relay and a solid state switch may be sufficient as it. Although the 
laser medium showed the example which is solid state laser media in this example, this invention is not 
limited to this. 
[0020] 

Next, the 2nd example of this invention is described. Drawing 2 is a block diagram showing the 
semiconductor laser excitation solid state laser device (laser device 11) concerning this example. In the 
laser device 1 1 concerning this example, six semiconductor laser elements are provided and three relays 
are formed in the switch 14. And one relay is mutually connected in parallel to two semiconductor laser 
elements connected in series. Namely, the relay Rl is mutually connected in parallel to the 
semiconductor laser elements LD1 and LD2 connected in series, The relay R2 is mutually connected in 
parallel to the semiconductor laser elements LD3 and LD4 connected in series, and the relay R3 is 
connected to it in parallel to the semiconductor laser elements LD5 and LD6 connected in series 
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mutually. Composition other than the above in this example is the same as that of the 1st above- 
mentioned example. 
[0021] 

In this example, if semiconductor laser element LD3 is broken down and disconnected, for example, the 
controller 6 will short-circuit the relay R2 connected to the semiconductor laser elements LD3 and LD4. 
Thereby, current is supplied to semiconductor laser element LD1, LD2, LD5, and LD6, and the laser 
device 1 1 can resume the output of the laser beam 8. Operations other than the above in this example are 
the same as that of the 1st above-mentioned example. 
[0022] 

In this example, the number of relays can be reduced and the cost of a laser device can be reduced. 
Effects other than the above in this example are the same as that of the 1st above-mentioned example. 
The number of the semiconductor laser elements connected in parallel with the relay of 1 may not be 
limited to two pieces, but may be three or more pieces. 
[0023] 

Next, the 3rd example of this invention is described. Drawing 3 is a block diagram showing the 
semiconductor laser excitation solid state laser device (laser device 21) concerning this example. In the 
laser device 21 concerning this example, 2 sets of excitation light sources which consist of the power 
supply 2, the switch 14, and the semiconductor laser elements LD1 thru/or LD6 are provided. Solid state 
laser media and a controller are formed every [ 1 ]. That is, 2 sets of excitation light sources 9a and 9b 
are arranged so that the solid state laser media 7 of 1 may be surrounded, and they output the excitation 
light 3 to these solid state laser media 7, respectively. The two channels CHI and CH2 are formed in the 
controller 26, channel CHI is connected to the excitation light source 9a, and channel CH2 is connected 
to the excitation light source 9b. Composition other than the above in this example is the same as that of 
the 2nd above-mentioned example. 
[0024] 

In this example, the excitation light sources 9a and 9b can be operated independently of mutual. For 
example, the output of the excitation light 3 from the excitation light source 9a stops until the controller 
26 short-circuits the relay R2 of the excitation light source 9a and the excitation light source 9a resumes 
operation, after semiconductor laser element LD3 breaks down when semiconductor laser element LD3 
of the excitation light source 9a breaks down. However, in the laser device 21 of this example, while the 
excitation light source 9a has suspended the output of the excitation light 3, the excitation light source 
9b can compensate this. For this reason, the laser device 21 can output the laser beam 8 continuously. 
Operations other than the above in this example and an effect are the same as that of the 2nd above- 
mentioned example. Three or more sets of excitation light sources may be provided. 
[0025] 

[Effect of the Invention] 

In the semiconductor laser excitation laser apparatus which uses two or more semiconductor lasers as the 
excitation light source according to this invention as explained in full detail above, Since the relay 
connected in parallel with the group containing this disconnected semiconductor laser is short-circuited 
when some semiconductor lasers are disconnected, electric power can be supplied to the semiconductor 
laser belonging to other groups, and operation can be continued. 
[Brief Description of the Drawings] 

[Drawing l] It is a block diagram showing the semiconductor laser excitation solid state laser device 
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concerning the 1st example of this invention. 

["Drawing 2] It is a block diagram showing the semiconductor laser excitation solid state laser device 
concerning the 2nd example of this invention. 

[ Drawing 3 ] It is a block diagram showing the semiconductor laser excitation solid state laser device 

concerning the 3rd example of this invention. 

[Description of Notations] 

1, 11, 21; laser device 

2; power supply 

3; excitation light 

4, 14; switch 

5; circuit 

6, 26; controller 

7; solid state laser media 

8; laser beam 

9a, 9b; excitation light source 

LD1-LD6; semiconductor laser element 

R1-R4; relay 

SI; detection signal 

S2; relay control signal 



[Translation done.] 
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